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Abstract 
The health department of Rio de Janeiro has required a project to assess the service capacity of the emergency service, in view 
of the urban and natural disasters that are happening in many places, and large events that are about to happen in the city of Rio de 
Janeiro, as the Olympics in 2016. The objective of this work is to propose a system of information and coordination involving three 
agencies: the Operations Center of the GSE / SAMU, the Operations Center of the Municipality of Rio de Janeiro and the Internal 
regulation nucleus (NIR) of municipal hospitals. The model is based on the information flow, focusing on highly complex patients. 
The discrete event simulation is used to identify how the system responds to the increased demand. It is stated that the "use of 
information" is the key to improving overall system performance.  
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1. Introduction  
The Operations Research (OR) makes use of mathematical and / or logical models in order to solve 
real problems, presenting a highly multidisciplinary. A characteristic of most PO techniques is that the 
solutions obtained are not closed manner with the application of a formula. Usually these solutions are 
only found by some of the algorithm. Since the row address and simulation models in the study of queues. 
There are optimization techniques such as linear programming, instead, determine performance measures 
such as: the average waiting time in the queue, the average time for completion of a service, etc. In this 
regard, the simulation is an evaluative tool solutions, and not generating solutions.  
In this paper, the simulation is used in order to improve pre-hospital emergency system in the city of 
Rio de Janeiro, given that access to healthcare is a guarantee constitutional the entire Brazilian, as 
provided for in article 6 of Magna Carta.  
1.1    Question and objectives  
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     Technological developments in terms of equipment, procedures and drugs greatly increased the life 
expectancy of people. However, this increase has caused increasing pressure on the demand for health 
services. Therefore, the simulation has great potential to be used in order to balance supply and demand 
for such services, providing an adequate service to the system users.  
      From the assumptions noted above, this study aims to evaluate the impact caused by the uneven 
distribution of demand among hospital units available, and then propose how a central operations and 
control can regulate rationally this demand. In addition, we propose the implementation of an Information 
System and Coordination (SIC) that provides the real-time information and coordinate actions involving 
the GSE Operations Center / SAMU (COGS), Rio Operations Center (ROC) and the Internal Regulation 
Centers (NIR) of the municipal hospitals of emergency in the city of Rio de Janeiro.  
2. Literature review  
     The emergency department of a hospital is a complex system, characterized by the wide range of 
patient demand. In this context, the simulation can be an important tool to understand, analyze and 
manage the system in order to quantify the resources required to deliver quality services. The model 
studied in this paper described a major accident and emergency departments in Rome, where the 
simulation was employed to explore some bottlenecks which led to prolonged waiting times and overload 
the available resources [1]. Featured an article by proposing a model dedicated to the emergency flow in 
major disasters [2]. Studied the variation of the demand to have a great combination of features such as: 
beds, receptionists, nurses for screening, nurses and doctors [3]. Described the information, 
communication and acceptance problems in a telemedicine workflow having a pre-hospital emergency 
medical as an example. Workflows are extremely critical factor in time, imposing a high responsibility 
and, crucially depend on close cooperation between the staff of an Emergency Medical Service (EMS) [4]. 
Emergency care is concerned primarily with the provision of pre-hospital and in-hospital medical and/or 
paramedical services and normally involves a wide range of interdependent activities that can be 
distributed and interconnected to form emergency care processes within the EMS [5].  
3. Description of services and problem characterization  
     Given the breadth and complexity of the proposed model, there was the need for field research in 
various public agencies involved directly or indirectly in emergency pre-hospital care. These visits helped 
us to outline the problem through the perception of how these organs are interrelated. The Figure 1 shows 
the resources used in each model 
Table. 1 - Resources used in each model 
Organ  Features  
Rio Operations Center 
(ROC)  
The COR is designed to integrate and deal with intelligence information from about 30 municipal 
agencies and dealers, whose services directly impact the routine of the city of Rio de Janeiro. The 
Operations Centre aims to anticipate solutions and minimize occurrences, to alert the sectors 
responsible for risks and take the necessary measures in cases of emergency, such as heavy rains, 
traffic accidents and landslides.  
1st Relief Grouping Fire 
Department's Emergency 
State Military of Rio de 
Janeiro (1 GSE / 
CBMERJ)  
The 1st GSE was established in principle with the mission to provide pre-hospital care on public 
streets and public places in the city of Rio de Janeiro, carrying safety with patients to public 
hospitals of reference in the region. In total the Grouping has approximately 1,800 troops, and 
visit made to the COGS on January 14, 2013, it was found that such structure does not act in 
coordination with the Operations Center and Rio or with the municipal hospitals of Rio de 
Janeiro.  
Miguel Couto Municipal 
Hospital (HMMC)  
According to the unstructured interview with some doctors of the hospital emergency room, 
would be key enabling better coordination between the rescue services of fire and emergencies of 
municipal hospitals. One of HMMC doctors mentioned that there have been a very big 
improvement in hospital patient flow due to the implementation of the Emergency Care Units 
(APU) that absorb the demand for low complexity and some of the demand of medium 
complexity.  
Company City Traffic 
Engineering of Rio de 
Janeiro (CET-RIO)  
The CET-Rio is a corporation of mixed economy controlled by the municipality. It is linked to the 
Municipal Transport and its capital is authorized by the municipal government. The goal of CET-
Rio is to manage the road and traffic system, and operate the parking lots. Company officers are 
also assigned to other functions as an aid in vehicle towing improperly parked and direct traffic.  
4. Data collection  
     Once the scope of work, data collection was performed. This stage of the research had as main data 
sources a literature search in books, theses, dissertations, articles and websites, as well as a field research 
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with guided tours of the agencies involved. It employed the data presented in the work of several research, 
all for the emergency pre-hospital care [6], [7],[8],[9],[10],[11],[12]. 
The Table 2 evidences the amount of each resource used in the model.  
Table 2 - Resources used in each model 
Resource type  The amount  
Technical Assistant Medical Regulation (TARM)  25  
Attendants Order of Urgency (DESPURG)  14  
Ambulances  73  
Medical regulators  35  
The Table 3 contains the model of activities and their probability distributions. In addition, there is the 
indication of the source of each distribution.  
Table 3 - Model activities and their probability distributions 
Activities  Distribution  Break  Source  
Call  Exponential  Average 0.69 minutes  GALDINO (2012)  
Customer TARM  Triangular  (2, 3, 4) minutes  Própria7  
Medical Care Regulator 
(MR)  
Fixed  20 minutes  Own  
Order of Urgency 
(DESPURG)  
Triangular  (1, 3, 5)  Own  
Fleet Order  Triangular  (2, 3, 5) minutes  Own  
Displacement  Fixed  11 minutes  Own  
Care on site  Fixed  10 minutes  Own  
Liberation  Fixed  5 minutes  Own  
Removal  Fixed  8 minutes  Own  
Operations and Control 
Center  
Triangular  (1, 2, 3) minutes  Own  
Spontaneous demand  Fixed  2 minutes  BIOHARD (2011)  
Reception  Triangular  (3, 5, 7) minutes  Própria8  
Nurse triage  Triangular  (5; 10; 12) minutes  Own  
Resuscitation  Triangular  (10, 180, 360) minutes  Own  
Hipodermia  Triangular  (30, 120, 180) minutes  Own  
Box  Triangular  (90, 180, 270) minutes  Own  
      We obtained the exponential distribution, introducing the data collected in the software "Stat Fit". As 
for the triangular and fixed distributions were obtained with the experts in each area, because there is no 
record data.  
      As for the flow observed after medical regulation, was undertaken to priority classification of patients 
as medium complexity (yellow) or low complexity (green). For activity "Medical Care Regulator (MR)" a 
service fee was used following a fixed distribution with a mean of 20 minutes provided by COGS. Upon 
entering the emergency room, the patient is referred to the reception and then for screening which is 
classified into three levels according to their degree of urgency for care for high, medium and low 
complexity representing 1%, 24% and 75 % respectively. The emergency referenced model proposed by 
KEYS (2012) is to enable the creation of a service unit for highly complex patients because they have 
special needs in terms of materials and professional resources. Thus, leaving two rows from the screening: 
a high complexity and other low / medium complexity.  
5. Model regulated by a COC (MRC)  
5.1 Model Construction  
     The MRC is designed based on data collected in the COR, in COGS and in some hospitals in the city 
of Rio de Janeiro. Currently, the biggest problems found today in the pre-hospital emergency are: 
transportation difficulties due to traffic conditions and the delay in receiving the hospitals due to lack of 
beds. Thus, the rescue operation can take up to four hours, directly impacting on patient survival 
expectancy and availability of ambulances of the Fire Department.  
With this, the MRC aims to integrate the services of COGS with local hospitals through a COC. This 
model aims to:  
934   Marcos dos Santos et al. /  Procedia Computer Science  55 ( 2015 )  931 – 938 
1)       Reducing the time displacement and removal. As the COC has traffic information in real time, 
it can indicate the best route for ambulances, taking into account the distances involved and the 
traffic conditions.  
2)       Reduce the time of receipt in hospitals. While the ambulance is conducting the rescue 
operation, the destination hospital has already been informed by the COC, and conditions to 
prepare to receive the patient.  
3)       Ensure that the hospital has provided meet the victim. Often occurs from a crashed drive at a 
UH which has no beds available or has no equipment / experts who can help him. With the 
implementation of CRM, such a scenario would probably not occur anymore.  
4)       Distribute the derived demand GSE / SAMU rationally between UH. Simulations indicate that 
the MRC is the more homogeneous distribution of demand among UH available, the better the 
system performance as a whole. It will be shown that it is counterproductive UH absorb all the 
demand for highly complex patients while the others are idle.  
5.2 Demand distribution between hospital units available  
5.2.1 – Scenarios Evaluated  
     We evaluated four scenarios of the MRC, made up of one to four hospitals (Scenario-1 Scenario-4)  
     How simplifying assumption of the model, we used the same 4 hospitals, configuration and capacity-
based care and beds in the Miguel Couto Municipal Hospital setting. Once proven the feasibility model, it 
is possible to insert hospitals with different characteristics, since it has data each. In principle, all the 
demand coming from the SAMU / GSE was divided between the number of hospital units of each 
scenario, because, theoretically, they have the same ability to care. Clearly, if the hospitals have different 
capabilities, the demand coming from the SAMU / GSE should be divided proportionally between them.  
     Among many other performance measures were analyzed three parameters considered critical, namely:  
        Queue Length of high complexity: it is desirable that there is no queue for the high complexity 
service by its very nature.  
        Total time in the system: for highly complex patients, all activities of the MRC should occur 
as quickly as possible, since the phone call via 192/193 to the exit of the emergency.  
        Total Number of Handles: the importance of this performance measure is the fact it shows the 
system capacity. Therefore, there is a balance between demand and supply of services.  
5.2.2 – Analysis of Results of Four Scenarios of MRC 
      Simulations were carried out with only one hospital in order to assess the capacity of provision of a 
standard unit, and then simulations were performed with two or more units, considering the demand 
distribution between them. The data in Table 4 show system performance based on the number of 
hospitals.  
Table 4 Model Performance in the number of UH 
  
Average size of the queue 
High complexity 
(UH worst) 
Number of visits 
(All together UH) 
Average time in the system 
(worst UH) 
1UH  35.8 130 650.9 
2UH  19.4 254 583.2 
3UH  1.59 368 517.6 
4UH  0.45 433 498.5 
     As the stochastic simulation in scenarios with more than one hospital, gave different results for the 
average size of the queue of high complexity as well as the average time in the system. Although these 
parameters have not varied much of a UH to another, considered the UH with the worst performance for 
the analysis of the model.  
     By analyzing the data in Table 4, it can be seen that the average size of high complexity queue 
decreases as you increase the number of UH available. From 3 UH, the line virtually disappears; the 
number of calls increases with the increase of the number UH, although it is not an absolutely linear 
increase, and finally, there is the impact of the number UH of the average time in the system, which was 
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not as pronounced because the triangular distribution the high complexity service is (10, 180, 360). This 
high impact service time directly in the mean time the patient stays in the system, regardless of UH 
number available.  
     Thus, it is clear that increasing the number of available UH results in an improvement in system 
performance. However, for such improvement to occur, there must be a demand for equitable distribution 
from the SAMU / GSE. The goal now is to show that if there is a demand imbalance between UH, this 
will be reflected directly in the system as a whole.  
5.3 analysis of the scenario-4 with demand imbalance between uh  
      The goal now is to show that the greater the imbalance in demand more performance MRC be 
penalized. Initially, we conducted a simulation with demand reduction of 5% in only 5% by HU and then 
the same procedure was performed for two three HU. As one or more UH grew idle, the remainder were 
overcharged. The Table 5 to 6 illustrate the evolution of the parameters, in order to show that the greater 
the demand imbalance between the available UH, the worse system performance.  
Table 5 - Average size of high complexity queue in each scenario  
  
25% of the 
demand  
20% of the 
demand  
15% of the 
demand  
10% of the 
demand  
5% of the 
demand  
0% of the 
demand  
Average size of the high complexity 
queue  
(Unbalanced 1UH)  0.45  1.19  1.63  2.02  3.74  4.91  
Average size of the high complexity 
queue  
(2UH unbalanced)  0.45  1.78  8.9  12.8  16.5  18.6  
Average size of the high complexity 
queue  
(3 unbalanced UH)  0.45  2.41  12.63  27.72  35.71  40.12  
     It is observed that the average size of high complexity increases almost exponentially in line with 
scenario 3 UH unbalanced.  
Table 6 - Total number of calls in each scenario 
 
25% of the 
demand 
20% of the 
demand 
15% of the 
demand 
10% of the 
demand 
5% of the 
demand 
0% of the 
demand 
Number of Calls (unbalanced 1UH) 433 430 427 421 410 402 
Number of Calls (2UH unbalanced) 433 421 394 374 359 347 
Number of Calls (3UH unbalanced) 433 402 381 326 290 275 
It is observed that the total number of visits drops significantly while in scenario 3 UH unbalanced. 
This reduction should certainly be causing concern for system managers.  
     In Table 7, it is observed that the average time in the system significantly increases the scenario with 3 
UH unbalanced. It is known that the increase of the life time can cost a patient of high complexity.  
Table.7 - Average time in the system for each scenario  
  
25% of the 
demand 
20% of the 
demand 
15% of the 
demand 
10% of the 
demand 
5% of the 
demand 
0% of the 
demand 
Average time in the system 
(unbalanced 1UH) 
498.5 507.3 524.9 529.5 540.38 548.72 
Average time in the system 
(2UH unbalanced) 
498.5 530.8 556.7 565.8 586 592.2 
Average time in the system 
(3UH unbalanced) 
498.5 537.21 583.42 628.34 646.29 661.22 
      What we wanted to show by the above simulations is a demand imbalance between UH-hospital 
worsening the performance of the system as a whole. The charts above, it was observed that the greater 
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the imbalance, the lower the total number of visits, the greater the average size of high complexity and 
greater will be the average queue time in the system.  
6. Information and Coordination System (SIC)  
6.1 Smart cities  
      The development of the SIC is aligned with the concept of "smart cities" that has already been applied 
successfully in large cities such as Madrid and New York. The term   smart city (CI) has several 
meanings, which can be found in the literature. Defines it as a virtual reconstruction of a city or as a 
virtual city; puts as an intelligent environment, building in information and communication technologies 
(ICT) to create interactive environments that bring communication to the physical world and 
characterized by its high capacity for learning and innovation. Smart cities evolve towards a strong 
integration of all dimensions of intelligence available in a city: human, collective and artificial. They are 
built as multi-dimensional clusters, combining these three main dimensions [13].  
6.2 System design  
     To make possible the implementation of the MRC, there needs to be a platform that guarantees a fast 
and reliable communication between the actors involved in emergency pre-hospital care, focusing on the 
use of information. However, there is a hierarchy in the use of information by these actors. On the first 
level is the Operations and Control Center, which is the highest organ level that regulate the whole 
process of pre-hospital emergency admission. In order to have the rescue, it must be to have a bed, an 
ambulance and favorable traffic conditions to the destination hospital. If at least one of these three 
conditions is not fulfilled the rescue of the cycle does not end.  
So, come the second level bodies are the SCR (Jobs Regulatory Core), the COGS (GSE Operations 
Center / SAMU) and CET-RIO (Traffic Engineering Company of Rio de Janeiro).  
On the third level are the NIR (Center for Internal Regulation) hospitals, below the NRV. The NIR of 
each hospital will provide the number of beds available for the NRV, who is in charge of compiling the 
data and make them available to the COC.  
Also on the third level is the NRA (the Ambulance Regulation Center), below COGS. This core has 
the function of providing for the COGS the number of each type available ambulance.  
In the fourth and last step are ambulances, below the NRA. It is they who effectively carry out the 
rescue. It should be noted that the above structure does not establish an administrative hierarchy but how 
the information will be managed by the system.  
Currently, there is already a very large structure in Rio Operations Center and Operations Center GSE 
/ SAMU in terms of hardware, software and humanware, however these bodies do not exchange 
information with each other. On this basis, it proposes a system MRC operationalized by means of an 
information flow.  
One has to consider that the COGS could be an organ inside the COC. However, due to the relatively 
large physical structure the COGS possibly would not be feasible to insert it in the COC.  
The MRC was sensitive to the ambulance travel time to the patient receiving time in the hospital and 
the distribution of demand between UH. In order to reduce these times and distribute demand rationally 
between UH, a platform was developed that aims to streamline the flow of information between the many 
actors involved in emergency pre-hospital care.  
6.3 Used technology  
JavaScript Framework was used to develop the system interface and manage control between the 
database layer, business rule and overview. PHP Hypertext Preprocessor is a programming language that 
can generate dynamic content on the World Wide Web. MySQL is a database management system 
(DBMS), which uses the SQL (Structured Query Language) as an interface. XAMPP is a server 
irrespective of platform free software, mainly consisting of MySQL database, the Apache web server and 
interpreters for scripting languages: PHP and Perl. Eclipse is an IDE more commonly known for Java 
development.  
6.4 Activities flow  
Each SIC agent has a sequence of predetermined activities and logically linked.  
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In hospitals the flow begins with the registration thereof in the system, with login and password, then 
enter your details (number of beds).  
In fire flow is divided into two steps to meet two distinct characters: the COGS and the ambulance. In 
the so-called COGS appear in a list with some important information such as the number called, type of 
accident, number of injured involved and the status of the accident, or if it is open, ongoing or closed. 
Have ambulances, can detail the emergency they are meeting, creating a more complete diagnosis of the 
call. This field is a way to supplement the information of the call in order to better prepare the hospital 
staff that will meet the patient.  
In Rio Operations Center will also perform system access by login and password pre-registered. After 
finishing this step, the user can access so-called "Open in" system will show first, to the user, so-called is 
"Open in", "in progress", "Closed" or a list of all the calls registered in system.  
6.5 Interface sic  
Four tables were used to represent the entities involved in the system domain, they are: TypeUser, 
User, and HospitalCall. Since the system is integrated and aims to meet the three streams of different 
activities - hospitals, COGS and COR - the UserType table represents these three roles. This table is 
important to realize the control of access to the features of each agent. It has only one attribute, which is 
the name. The User table identifies and performs the access of each agent in the system. She has four 
attributes: id, UserType, login and password. The table represents data Hospital identifying the hospital 
emergency units. The main fields to be filled are: the name of the UH, the address and the number of 
available beds. The latter information is of great importance to the COR, as it will associate each request 
for help to the nearest hospital with the occurrence bed available. The attributes of this entity are: IdUser, 
Name, Address, Reference, Phone, and NumBeds and NumBedsAvailables. The basic hospital information 
will be available to the COR, COGS and ambulances, since the total number of beds and the number of 
available beds can only be seen by the hospital itself and the COR.  
The table presents data from an accident and communicated to the COGS by calling 192/193. This 
entity must contain a vast amount of attributes, in order to record information relating to the accident. The 
table is called the main system entity and all those involved in the SIC will have access to the information 
contained in this entity, which are: Id, TypeAccident, Location, Reference, NumInjured, TypeAmbulance, 
Observation, NameAuthorCall, NumAuthorCall, HospitalIdUser, AdditionalInformation and 
ReasonExclusion .  
When a new call, the data is populated by an attendant of COGS (via 192/193) and is from there that 
begins the process of emergency pre-hospital care. The COGS view a list of all the calls. For each call can 
be seen the number identifier called, the type of accident, the scene of the accident, the injuries, the status 
of the call and the hospital associated with the call. After completed all the details of the injured, they will 
be available for the Rio Operations Center, which will serve to assign this call to the nearest hospital with 
available bed.  
After finishing the association of the accident with the destination hospital, such information is made 
available to the ambulance that will effect the rescue. So while the ambulance moves to effect the rescue, 
she already know the victim's destination hospital, which will not necessarily be the closest hospital 
sinister occurrence, as is currently being practiced.  
By the time the ambulance arrives at the accident scene of action, the rescue team performs first aid 
and expands the clinical condition of the injured by clicking "update called". This information will be 
available for pre-selected hospital for the victim, so that may be the preparation of material and labor 
necessary for the service to take place as expeditiously as possible.  
When the ambulance arrives at the destination hospital, the NIR operator can view the hospital page, 
click "beds reserved" and this new window click "close call." This operation indicates that the victim was 
received by the hospital, giving end to all emergency prehospital care cycle.  
7. Results  
      The modeling of this work was based on the flow of patients from the request for help via 192/193 
until hospital discharge. The study was part of the main departments involved in the pre-hospital phase, 
the admission process and service indoors, aiming to unify the flow of information and coordinate efforts 
committed by each agent. Thus, we sought a balance between the demand and the supply of ambulances 
and hospital beds, and therefore providing a more efficient service to society.  
       With a view to analyzing the impact of poor demand distribution in the system, a simulation scenario 
4 MRC was performed where purposely was being inserted an increasing demand imbalance in a UH, UH 
in two and three UH. It has been found that the more unbalanced is the demand, the worse the system 
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performance. In the worst case, ie with three unbalanced UH, it was found that the average size of high 
complexity queue jumped from 0.45 to 40.12 patients. There was a reduction in the total number of visits, 
433 to 275. While the average time in the system increased from 498.5 minutes to 661.2 minutes. 
Therefore, it was concluded that the improvement of emergency pre-hospital system in the city of Rio de 
Janeiro pervades not only in increasing the number of UH. One has to think of a reengineering, so that 
there is a rational distribution of demand among the available UH and the respective numbers of beds.  
       It was later proposed a model called Model Regulated by Operations and Control Center "Modified". 
In this model, the spontaneous demand, which causes great noise in the system and that has only 1% of 
high complexity patients, also has been governed by a COC. With this regulation, retired patients of low 
complexity, which in principle should be referred to the PSUs. It was found that this new model presented 
a better performance than the first, as in the case of MRC-4 "modified" the utilization rate fell from 67% 
to 24% indicating a high complexity in idleness team, which is a the most critical system services. Hence, 
it is concluded that, after the implementation of PSUs in the city of Rio de Janeiro, there was no 
significant improvement in major emergencies of municipal hospitals because there was a distortion in 
the main function of the PSUs.  
8. Conclusion  
      In an attempt to realize a rational distribution of demand between UH available and their number of 
beds, we developed the Information and Coordination System. The SIC is a multi-user platform based on 
a dynamic database that was developed specifically for the integration between key players.  
      Conceptually, the SIC established a symbiosis between the wealth of information available in Rio 
Operations Center, the Operations Center GSE / SAMU and beds regulation Nuclei of public hospitals in 
order to improve the response time of redemption requests. Thus, it is concluded that the SIC will allow 
the perfect coordination between the agents involved in the rescue and treatment of emergency patients 
operations.  
8.1 Recommendations  
      It is recommended to use the System Information and Coordination presented here, allowing the use 
of existing information by the agents directly involved in the decision-making process in each institution, 
enabling an adequate allocation of human and material resources, according to the needs involved in 
various scenarios. 
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